) publication of the 2013 ACC/AHA guideline among 4 mutually exclusive risk groups within the ACC Practice Innovation and Clinical Excellence Registry. Interrupted time series analysis was used to evaluate for differences in trend in use of moderate-intensity to high-intensity statin and nonstatin LLT use in hierarchical logistic regression models. Participants were a population-based sample of 1 105 356 preguideline patients (2 431 192 patient encounters) and 1 116 472 postguideline patients (2 377 219 patient encounters). Approximately 97% of patients had atherosclerotic cardiovascular disease (ASCVD).
line recommendation represents a major shift.
Statin therapy was underused even in patients with established cardiovascular (CV) disease 3 before publication of the 2013 ACC/AHA guideline. After simplification of the treatment strategy, cholesterol treatment was expected to be easier from the health care professional's perspective, and moderateintensity to high-intensity statin therapy use would be accelerated. 4 One study 5 estimated that 12.8 million additional adults would be eligible for statin therapy compared with the ATP III guideline, and this projection was echoed by several other studies. 4 ,6-8 Therefore, understanding national trends in LLT use, particularly moderate-intensity to highintensity statin and nonstatin LLT, is vital to understanding the potential effect of the 2013 ACC/AHA guideline. However, data related to guideline adoption are limited.
We examined trends in the use of statin therapy (particularly moderate-intensity to high-intensity statins) and nonstatin LLT in patients from cardiology practices participating in the ACC National Cardiovascular Data Registry's Practice Innovation and Clinical Excellence (PINNACLE) Registry before and after publication of the 2013 ACC/AHA guideline in 4 cohorts expected to benefit the most. 1 We hypothesized that there would be an increasing trend for moderate-intensity to highintensity statin therapy and a decreasing trend for nonstatin LLT use after publication of the 2013 ACC/AHA guideline in the guideline-specified groups. 1 
Methods
Waiver of written informed consent and authorization for use of the PINNACLE Registry were obtained. Both were granted by Chesapeake Research Review Incorporated, Columbia, Maryland.
Study Populations
The PINNACLE Registry is the first national prospective outpatient CV registry, sponsored by the ACC to improve the quality of care in academic and private cardiology practices. Details of the registry have been previously described. 9 Any patient visiting a cardiology practice participating in the PINNACLE Registry was considered in the present analysis. The 2013 ACC/ AHA guideline was first published online on November 12, 2013. We considered the time between September 1, 2012, and November 1, 2013, as the preguideline period and the time between We excluded data from the transition stage (November 1, 2013, to January 31, 2014). We also excluded 73 practices not participating in the PINNACLE Registry both before and after publication of the 2013 ACC/AHA guideline. We included 161 cardiology practices in our final analyses. We identified 4 mutually exclusive patient groups who would benefit from LLT. 1 These groups include individuals (1) aged at least 21 years with ASCVD (ASCVD cohort), (2) aged at least 21 years with LDL-C levels 190 mg/dL or higher (elevated LDL-C cohort), (3) aged 40 to 75 years with diabetes without ASCVD and with LDL-C levels 70 to 189 mg/dL (diabetes cohort), and (4) aged 40 to 75 years without ASCVD or diabetes with LDL-C levels 70 to 189 mg/dL and an estimated 10-year ASCVD risk of 7.5% or higher (to convert LDL-C level to millimoles per liter, multiply by 0.0259). 1 Because the ATP III guideline used the Framingham Risk Score (FRS), 2 we also used the FRS to determine LLT eligibility. This latter group included patients without ASCVD and diabetes and with a 10-year FRS of 10% or higher and LDL-C levels of 130 mg/dL or higher, or 10-year FRS less than 10% and LDL-C levels of 160 mg/dL or higher. 2 The group eligible for LLT using the 2013 ACC/AHA guideline or the ATP III guideline is considered the primary prevention cohort for our analysis. Patients were hierarchically assigned to the highest-risk group even if they belonged to a lower-risk category. We considered ASCVD as the presence of any of the following: myocardial infarction, coronary artery disease, peripheral artery disease, stable or unstable angina, ischemic vascular disease, percutaneous transluminal coronary angioplasty, coronary artery bypass grafting, transient ischemic attack, ischemic stroke, or percutaneous coronary intervention with a bare metal stent, drug-eluting stent, or another (nonstent) intervention. After first recognizing patients with ASCVD, we then identified the elevated LDL-C cohort, followed by the diabetes cohort and the primary prevention cohort. There were initially 1 985 321 patients during the preguideline period and 2 081 686 patients during the postguideline period ( Figure 1 ). After exclusions (the primary reason was missing data to determine LLT eligibility in 42.7% before publication and 45.3% after publication of the 2013 ACC/AHA guideline), the final study populations included 1 105 356 preguideline period patients (2 431 192 patient encounters) and 1 116 472 postguideline period patients (2 377 219 patient encounters). Approximately 97% of patients during each guideline period had ASCVD.
Study Variables
All variables used in this study were electronically abstracted. If there was more than 1 lipid panel available during each study period, the one with the highest LDL-C level was considered for analysis. Because it is often difficult to ascertain untreated cholesterol levels in contemporary referralbased practices, such as cardiology, we used cholesterol levels documented in electronic medical records to estimate risk irrespective of treatment with LLT.
High-intensity statin therapy corresponds to daily statin dosage that can reduce LDL-C levels by 50% or higher. Moderateintensity statin therapy corresponds to daily statin dosage that can reduce LDL-C levels by 30% to less than 50%, and lowintensity statin therapy corresponds to statin dosage that can reduce LDL-C levels by less than 30%. 1 Atorvastatin calcium (≥40 mg), rosuvastatin calcium (≥20 mg), and simvastatin (80 mg) were considered high-intensity statins; atorvastatin calcium (≥10 to <40 mg), rosuvastatin calcium (≥5 to <20 mg), simvastatin (≥20 to <80 mg), pravastatin sodium (≥40 mg), lovastatin (≥40 mg), fluvastatin sodium (≥80 mg), and pitavastatin (≥2 mg) were considered moderate-intensity statins; and the remaining statin dosages were considered low-intensity statins. 1, [10] [11] [12] This categorization included statin dosage alone or in combination with any other medication. For the purpose of this study, nonstatin LLT included ezetimibe, bile acid resin, and niacin. Fibrates and ω-3 fatty acids were not considered because of their minimal effect on LDL-C levels. Prescription of an LLT at any time point during each study period was considered receiving LLT. For example, if nonstatin LLT was added to high-intensity statin therapy (or vice versa) at any time point during each study period, we considered it receipt of both nonstatin LLT and high-intensity statin therapy. If there was more than 1 statin dosage used during a study period, we considered the highest-intensity statin used in that period for our analysis. This approach would capture some information about statin intolerance because patients who were not receiving statin therapy (or were receiving lower-intensity statin therapy) later in the study could have received statin therapy (or higher-intensity statin therapy) earlier.
Statistical Analysis
We assessed baseline characteristics of the overall cohort before and after publication of the 2013 ACC/AHA guideline. We examined monthly trends in the use of moderate-intensity to high-intensity statin and nonstatin LLT using encounter-level data. Using patient-level data during each guideline period, we calculated the proportion of patients receiving low, moderate, high, and combined moderate-intensity to high-intensity statin therapy, as well as nonstatin LLT, and the proportion of patients not receiving any LLT. For a patient with multiple visits during a study period, we used the most recent visit to determine baseline characteristics. We used the t test for continuous variables and the χ 2 test for categorical variables. As our primary outcome, we developed hierarchical logistic regression models using interrupted time series analysis to formally assess whether publication of the 2013 ACC/AHA guideline was associated with a differential trend in the use of moderateintensity to high-intensity statin and nonstatin LLT. 13 In each model, we allowed different slopes and intercepts during each period. The slope examines percentage LLT use over time, and the intercept assesses difference in LLT use at the starting point of the postguideline period . If the intercepts were statistically different, this result would imply an abrupt shift in LLT use at the beginning of the postguideline period. If the slopes were statistically different, this result would indicate an acceleration or deceleration in LLT use after publication of the 2013 ACC/AHA guideline. 13 In that case, we quantified the absolute change in LLT use by estimating the predicted use of moderate-intensity to high-intensity statin and nonstatin LLT at the middle of the postguideline period using postguideline slope and intercept and compared it with the predicted use via preguideline slope and intercept. If neither the slope nor the intercept was significantly different, then this result would indicate no significantly different trend in LLT use between the 2 periods. We found that most missing data were lacking LDL-C levels (93% of all excluded patients). To understand whether missing LDL-C levels were related primarily to patient-level factors or to cardiology practice, we calculated C statistics from 2 logistic models to predict the likelihood of missing LDL-C levels. One model included only patient-related factors as predictors (age, race, sex, health insurance status, body mass index, systolic and diastolic blood pressure, current smoking status, and hypertension), and the second model further included cardiology practice. In sensitivity analyses, we repeated the primary analyses using inverse probability weighting, which assigns higher weight to patients who were similar to those with missing LDL-C levels. Weights were calculated from a logistic regression model that included patient-level factors and cardiology practice, as described above. This analysis was performed in all groups except the ASCVD cohort because the presence of ASCVD qualifies for LLT regardless of LDL-C levels. Finally, the 2013 ACC/AHA guideline did not find sufficient information to base recommendations for or against statin therapy in patients with heart failure.
1 Therefore, we examined statin use after excluding patients with heart failure from the ACC/AHA primary prevention cohort. All analyses were evaluated at a 2-sided significance level of .05. Statistical analyses were performed using a software program (SAS, version 9.3; SAS Institute Inc).
Results
In the study cohort, the mean (SD) age was 69.6 (12.1) years before publication of the 2013 ACC/AHA guideline and 70.0 (11.9) years after publication of the 2013 ACC/AHA guideline (Table) . The mean (SD) body mass index (calculated as weight in kilograms divided by height in meters squared) was 30.4 (8.8) in the preguideline period and 30.3 (8.3) in the postguideline period, with 86.7% having hypertension in the preguideline period and 86.8% having hypertension during the postguideline period. In the preguideline period, the mean (SD) number of LDL-C level assessments per patient was 0.5 (0.8) and in the postguideline period, the mean (SD) number of LDL-C level assessments per patient was 0.4 (0.7). LDL-C levels were missing in 64.7% of the preguideline period and 70.8% of the postguideline period. Most other variables were distributed similarly.
In the overall cohort, there was an increasing trend in moderate-intensity to high-intensity statin use after publication of the 2013 ACC/AHA guideline, but such a trend was already present before publication of the guideline (Figure 2) . Before publication of the guideline, 62.1% of patients were receiving moderate-intensity to high-intensity statin therapy, which increased to 66.6% after publication of the guideline ( Figure 3A) . Further details by statin intensity are listed in the eTable in the Supplement. There was no discernible changing trend in nonstatin LLT use (Figure 2 ). Before publication of the guideline, 12.7% of the cohort were receiving nonstatin LLT, which decreased to 11.7% after publication of the guideline ( Figure 3B ). The proportion of patients not receiving any LLT was 29.1% before publication of the guideline and 24.1% after publication of the guideline (eFigure 1 in the Supplement). In hierarchical logistic regression models, there was a significant increase in moderate-intensity to high-intensity statin use in the postguideline period (ie, higher slope [P < .01]) (Figure 4) . The predicted use of moderate-intensity to high-intensity statin therapy at the middle of the postguideline period using preguideline and postguideline models was 52.2% and 57.0%, respectively (difference of 4.8%, P < .01). There was no significant difference in the slope (P = .41) or intercept (P = .11) for nonstatin LLT, suggesting no significant difference in nonstatin LLT use. Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.
SI conversion factor: To convert cholesterol levels to millimoles per liter, multiply by 0.0259.
Research Original Investigation Adoption of the 2013 ACC/AHA Cholesterol Management Guideline
There was an increasing trend in moderate-intensity to highintensity statin use in the ASCVD cohort, but this trend was also present before publication of the 2013 ACC/AHA guideline (eFigure 2 in the Supplement). The proportion of patients receiving moderate-intensity to high-intensity statin therapy before publication of the guideline was 62.7% and the proportion of patients receiving moderate-intensity to high-intensity statin therapy after publication of the guideline was 67.0%. The proportion of patients receiving nonstatin LLT before publication of the ACC/AHA guideline was 12.8% and after publication of the ACC/AHA guideline was 11.8% (Figure 3) . Treatment patterns by statin intensity are listed in the eTable in the Supplement. The proportion of patients not receiving any LLT was 22.0% before publication of the guideline and 19.3% after publication of the guideline (eFigure 1 in the Supplement). In hierarchical logistic regression models, there was a shift in moderate-intensity to high-intensity statin use at the beginning of the postguideline period using postguideline data compared with preguideline data (ie, P = .01 for intercept). Furthermore, there was a significant increase in moderate-intensity to high-intensity statin use in the postguideline period compared with the preguideline period (ie, higher slope [P < .01]). The estimated moderateintensity to high-intensity statin use at the middle of the postguideline period using preguideline and postguideline models was 53.4% and 57.7%, respectively (difference of 4.3%, P < .01). There was no significant difference in nonstatin LLT use before and after publication of the guideline in the hierarchical logistic regression models (P > .05 for slope and intercept).
There was no observable changing trend in moderateintensity to high-intensity statin or nonstatin LLT use in the elevated LDL-C cohort (eFigure 3 in the Supplement). The use of moderate-intensity to high-intensity statin and nonstatin LLT and the nonuse of LLT was similar during the preguideline and postguideline periods (Figure 3 and eTable and eFigure 1 in the Supplement). Hierarchical logistic regression models did not show significant differences in moderate-intensity to high-intensity statin or nonstatin LLT use (P > .05 for all). Results were similar for the diabetes cohort, 2013 ACC/AHA guideline primary prevention cohort, and the ATP III guideline primary prevention cohort (Figure 3 and eTable and eFigures 1, 4, 5, 6, and 7 in the Supplement).
In sensitivity analyses, C statistics were 0.56 for the model with only patient-level factors and 0.78 when the model further included cardiology practice, suggesting that cardiology practice was highly associated with missing LDL-C levels. Results from inverse probability weighting were similar to those of the main analyses. Among 14 087 patients without heart failure in the preguideline period, the use of any statin therapy was 50.8%. Among 9309 patients without heart failure in the postguideline period, the use of any statin therapy was 55.2% (eTable in the Supplement).
Discussion
Within the PINNACLE Registry, a large national cardiology outpatient registry, we found a modest increase in moderateintensity to high-intensity statin prescription after publication of the 2013 ACC/AHA guideline in the ASCVD cohort but not in other guideline-recommended groups. Nonstatin LLT prescription did not change. One-third of patients with ASCVD and almost one-half without ASCVD were not receiving guidelinerecommended moderate-intensity to high-intensity statin therapy after the publication of the 2013 ACC/AHA guideline. A recent study 14 evaluating patients enrolled in a single health plan did not show an appreciable change in statin use after publication of the 2013 ACC/AHA guideline in patients with ASCVD (net 1.4% increase) or in patients with diabetes (net 2.4% increase). In a study 15 from the Department of Veterans Affairs, high-intensity statin use in patients with ASCVD increased by 6% after publication of the 2013 ACC/AHA guideline. The duration for both of these studies was limited to 6 months before and after publication of the 2013 ACC/AHA guideline, and LLT use was not examined in all 4 patient groups.
Another study 16 showed that publication of the 2013 ACC/AHA guideline was not associated with increased statin use. We examined time trends, statin intensities, and nonstatin LLT use 14 months before and after publication of the 2013 ACC/AHA guideline in all 4 cohorts. While it can take up to 17 years for evidence to be fully implemented in clinical practice, 17 our study shows the minimal effect associated with the publication of the 2013 ACC/AHA guideline on cardiology practice. The expected trend in nonstatin LLT use was not clear in patients with LDL-C levels 190 mg/dL or higher because these patients may require nonstatin LLT after maximal statin therapy. 1 We found no significant change in trend in nonstatin LLT use or moderate-intensity to high-intensity statin use in this group. Simplification of statin-based treatment approaches by the 2013 ACC/AHA guideline was expected to make cholesterol treatment straightforward and to increase evidence-based statin use. 4 Using data from the National Health and Nutrition Examination Surveys, 5 the number of individuals eligible for statin therapy after publication of the 2013 ACC/AHA guideline was estimated to increase by 2.4 million in patients with ASCVD, by 2.2 million in patients with diabetes, and by 8.2 million in patients in whom statins would be used for primary prevention. We found that, despite a modest effect of the guideline in patients with ASCVD, the change in statin use was less than the eligibility estimates, 5 suggesting incomplete adoption of the 2013 ACC/AHA guideline. While the largest increase in statin Line A to B, Moderate-intensity to high-intensity statin use for the preguideline period. Line C to D, Moderate-intensity to high-intensity statin use for the postguideline period. Line E to F, Projected moderate-intensity to high-intensity statin use for the postguideline period using preguideline data. G, Estimated moderate-intensity to high-intensity statin use at the middle of the postguideline period (ie, September 2014) using preguideline data. H, Estimated moderate-intensity to high-intensity statin use at the middle of the postguideline period (ie, September 2014) using postguideline data. P 1 is the P value for difference in the rate of use of statin therapy between the preguideline and postguideline periods (ie, difference in slope). P 2 is the P value for difference in the rate of use of statin therapy at the starting point of the postguideline period (ie, February 2014) (ie, difference in intercept). P 3 is the P value for difference in the rate of use of statin therapy at the middle of the postguideline period (ie, September 2014) using preguideline vs postguideline data. Line E to F is dashed to show that it is based on projection of preguideline data. The first vertical dashed line indicates the beginning of the preguideline period, and the second vertical dashed line indicates the middle of the postguideline period.
eligibility was predicted for patients without ASCVD, Compared with the ATP III guideline, the 2013 ACC/AHA guideline represented a paradigm shift by recommending an approach based on statin dosage rather than on LDL-C target and has been the subject of controversy. 4, 7, 24, 25 However, it is possible that health care professionals were already using an approach based on statin intensity before publication of the 2013 ACC/AHA guideline, which could explain our findings. However, previous analyses have shown that undertreatment was common in real-world practice before publication of the 2013 ACC/AHA guideline, 3 and we found that it has improved minimally under the new guideline. In a separate study, 26 our group found significant gaps among clinicians in their understanding of the 2013 ACC/AHA guideline, such that only 48% of practicing health care professionals had read the 2013 ACC/AHA guideline, 50% knew the 4 patient groups who would benefit from statin use, and 29% knew the definitions of statin intensity. It is unclear how much of the current trend in LLT use and LDL-C level assessments is a result of lack of understanding or a disagreement with the 2013 ACC/AHA guideline. Future research should focus on barriers to adoption of the cholesterol guideline and mitigation of such barriers. Using a case-based educational intervention to target gaps at the clinician level, our group found remarkable improvement in the knowledge of health care professionals regarding the new guideline, 27 suggesting a role of such activities for guideline dissemination.
Limitations
Our study has several limitations. The 2013 ACC/AHA guideline highlighted the importance of shared decision making, recommending a clinician-patient discussion regarding patient preference and the benefits and potential harms of LLT. 1 It is possible that after their risk-benefit discussion some patients may have opted not to receive LLT, particularly statins. Although this issue is important, our analyses could not account for it. Lower statin use could be partly related to statin intolerance, for which data were not collected. However, we believe that our approach of considering the highest statin dosage prescribed should account for some statin intolerance. In routine practice, statin intolerance can range from 10% to 15%
28
; therefore, statin intolerance alone may not fully explain the large gap in recommended vs actual statin use. Most of our missing data were lacking LDL-C levels. In sensitivity analyses, we found that missing LDL-C levels were mostly explained by cardiology practice rather than patientrelated factors, which could be due to incomplete mapping of referral records for decision making that is not reflected in electronic health records. However, results from sensitivity analyses were similar. We used cholesterol levels from electronic medical records irrespective of treatment, which should not affect results for the ASCVD cohort but could have underestimated statin eligibility in other cohorts (eg, if a patient at baseline was prescribed statin therapy but he or she no longer appeared to be eligible for statin therapy when we assessed the patient because of lower cholesterol levels). Although representing an appropriate treatment, such a patient would be dropped from the denominator, resulting in underestimation of the percentage appropriately treated. Because our study was based on a cardiology practice registry, most patients were receiving LLT for ASCVD. Therefore, despite a sizable number of patients in each of the 4 cohorts, better assessment for adoption of the 2013 ACC/AHA guideline in patients without ASCVD would require a database in which these groups were more completely represented.
Conclusions
Despite the anticipated increase in statin-eligible patients after publication of the 2013 ACC/AHA Cholesterol Management Guideline, the use of moderate-intensity to highintensity statin therapy in cardiology practices has increased only modestly in patients with ASCVD, with no significant change in other risk groups. Nonstatin LLT use remained unchanged. One-third to one-half of eligible patients were not receiving evidence-based moderate-intensity to high-intensity statin therapy after publication of the 2013 ACC/AHA guideline. More aggressive interventions are needed to improve guideline-directed statin prescribing. 
